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Description 



FLUID FLOW CONTROL VALVE 

Background of Invention 

[0001] The present invention relates to fluid flow control valves 
that can be used as a check valve or relief valve which are 
sometimes referred to as non-return valves. These valves 
are hereinafter collectively referred to as a self-closing 
valve or valve. The valve is operable at both low and high 
pressure fluid operation and is adapted for operation at 
elevated temperatures. 

[0002] Self-closing valves of the check and relief valve types are 
well known in the art. Additionally, self-closing valves 
with metal to metal sealing arrangements for the movable 
valve element are also known in the art. An example of 
such a valve can be found in U.S. Patent No. 5,893,389. 
The valve disclosed in the '389 patent has two separate 
sealing areas; one effective for sealing at relatively low 
pressure and the other seal area being effective for seal- 
ing at a relatively high pressure. This particular patent 
also illustrates some prior art metal seal arrangements. 



[0003] ^ is important to provide a good sealing engagement be- 
tween the movable vale element and the sealing surface or 
sealing surfaces of the valve seat(s). In the mass produc- 
tion of self-closing valves, such seats require precision 
machining and assembly so that a part may be used in 
combination with other parts and still effect good sealing 
engagement without custom fitting of parts. Such preci- 
sion fitting of parts is a particular problem when a valve is 
designed to operate at both high and low pressures utiliz- 
ing two distinct sealing areas. 

[0004] There is thus a need for an improved self-closing valve 

that eliminates one or more deficiencies of the prior art. 
Summary of Invention 

[0005] The present invention involves the provision of a self- 
closing valve of the check valve or relief valve type that 
utilizes formed-to-fit valve seat sealing surfaces provid- 
ing a low pressure seal distinct from a high pressure seal 
with both sealing surfaces being replaceable. 

[0006] The present invention also involves the provision of a 

self-closing valve that can be operated at high tempera- 
tures by the utilization of metal-to-metal sealing areas. 

[0007] The present invention also involves the provision of an 
annular valve seat finger that is normally inclined toward 



an inlet of the valve. 
[0008] The present invention further involves the provision a 

self-closing valve that can be easily formed by the manu- 
facturer by deforming, through coining, of portions of the 

fingers forming the valve seat seal areas. 
Brief Description of Drawings 

[0009] Fig. 1 is a sectional view of a self-closing valve showing 
the valve element in sealing engagement with both valve 
seats. 

[0010] pig. 2 is an enlarged fragmentary view of the area desig- 
nated to Fig. 1. The views of the valve seat shown prior to 
the sealing areas being formed. 

[001 1] Fig. 3 is a fragmentary sectional view of the area generally 
designated two of Fig. 1 showing the valve member 
seated against the valve seat for a low pressure applica- 
tion. 

[0012] Fig. 4 is a view similar to Fig. 3 showing the valve member 
in sealing engagement with two distinct valve seat areas 
showing sealing under high pressure operating condi- 
tions. 

[0013] Fig. 5 is a view similar to Fig. 3 showing the valve member 
in an open position for allowing fluid throw through the 
valve. 



[0014] pig. 6 is an enlarged schematic view of a valve seat to il- 
lustrate incline of the finger. 
[0015] Ljke numbers throughout the various Figures designate 

like or similar parts. 
Detailed Description 

[0016] The reference numeral 1 designates generally a valve with 
a valve body 3 having a flow passage 4 therethrough 
formed by one or more throughbores 5 in the valve body. 
The flow passage 4 extends between an inlet 7 and an 
outlet 8 (inlet and outlet are used in the sense of normal 
working fluid flow). The valve 1 includes a valve seat ar- 
rangement designated generally 11 that is operable to se- 
lectively allow flow of fluid from the inlet 7 to the outlet 8 
through the flow passage 4 and to prevent flow of fluid 
from the outlet 8 to the inlet 7. The valve 1 is a self- 
closing valve and can be of a check valve or relief valve 
type. Check valves and relief valves generally function the 
same way with a relief valve generally venting to the at- 
mosphere or to a tank or reservoir of fluid. Check valves 
are usually connected in a working line that can be pres- 
surized with working fluid on either side of the valve seat 
arrangement and allows flow from the inlet to the outlet 
and precludes flow from the outlet to the inlet. The valve 



1 further includes a movable valve element or member 14 
that has a valve seat surface portion 16 (Figs. 3, 4). The 
valve seat surface 14 is a portion of the valve seat ar- 
rangement 11. The valve seat arrangement 11 further in- 
cludes a valve seat member 18 that is selectively engaged 
with the valve element 14 to selectively permit and pre- 
clude flow of fluid through the flow passage. The valve el- 
ement 14 is movable between closed and open positions 
and is preferably urged toward the closed position by a 
force applying a biasing element 21 such as a resiliently 
deformable coil spring or Belleville washers. It is to be un- 
derstood however that the biasing element 21 for check 
valve operation, may be or include pressurized fluid in an 
outlet flow passage portion 19 of the flow passage 4. 
[0017] The valve body 3, as shown, comprises an inlet housing 
portion 23 and an outlet housing portion 25. The outlet 
flow passage portion 19 is contained within the outlet 
housing portion 25 and the inlet flow passage portion 27 
is contained within the inlet portion 23. It is preferred that 
the housing portions 23, 25 be selectively separable as by 
having threaded engagement at 31. While it is shown that 
the housing portion 25 has a male threaded coupling por- 
tion 28 and the housing portion 23 has a female threaded 



coupling portion 29, an alternate embodiment can have 
these threaded portions reversed wherein the male 
threaded portion would be on the housing portion 23 and 
the female threaded portion on the housing portion 25. 
[0018] The valve 1 is provided with a valve member chamber 33 
adapted for receipt therein of the valve member 14. The 
valve member 14 is movable within the chamber 33 axi- 
ally or in a direction generally longitudinally of the valve 1 
and generally longitudinally of the flow passage 4. The 
chamber 33 has a stop shoulder 37 adapted to limit the 
amount of travel of the valve member 14 within the cham- 
ber 33 toward the outlet 8. Additionally, the fit between 
the valve member 14 and the cylindrical side surface 35 
defining the chamber 33 is of close tolerance to maintain 
the valve member generally centrally located along the 
longitudinal axis of the valve 1 and allow for smooth 
movement. In the illustrated structure, the biasing ele- 
ment 21, which is shown as a coil spring, is contained 
within a chamber 45 in a cylindrical housing 46 of the 
valve member 14 and is seated against the shoulder 37 
and a shoulder 47 in the valve member 14. The biasing 
element 21 is operable to apply a force to the valve mem- 
ber 14 to induce movement of the valve member to urge it 



to move toward the valve seat member 18. The K factor 
and preload of the biasing element 21 are selected to 
provide for the correct amount of force to be applied by 
the valve seating surface 16 against the valve seat mem- 
ber 18. The K factor, pre-load of the biasing element plus 
pressure in the outlet passage 19 determine the force re- 
quired to move the valve from a closed position to a more 
open position. It is to be noted that the force from the bi- 
asing element 21 and force from the pressure in the out- 
let passage 19 are selected to determine whether the sur- 
face 16 seats against one or both surfaces 56, 57 of the 
fingers 51, 53. As seen, the valve member 14 has a plu- 
rality of flow openings 49 that allow flow from the inlet 
flow passage portion 27 through the valve member 14 
and then to the outlet flow passage portion 19 through 
the chamber 45 of the valve member 14. If the pressure at 
the inlet 7 is relieved, the valve member 14 will move to 
its closed position under the influence of at least the bias- 
ing element 21. When the valve 1 is used as a check valve, 
the pressure of the fluid at the outlet 8 will induce move- 
ment of the valve member 14 to a closed position thus al- 
lowing the valve 1 to function as check valve. To function 
as a relief valve, the pressure at the inlet 7 would be suffi- 



cient to move the valve to an open position against the 
force of a mechanical biasing element 21 and allow fluid 
to flow from the inlet 7 to the outlet 8 and to a reservoir, 
tank or atmosphere as desired. The finger 51 is elastically 
or resiliently deformable within its normal range of move- 
ment during operation of the valve 1. The longitudinal 
axes of the valve member 14 and the valve seat member 
18 are coaxial. 

[0019] As best seen in Figs. 3, 4, the valve seat member 18 co- 
operates with the valve seating surface 16 on the valve 
member 14 to form the valve seat arrangement 11 pro- 
viding at least two spaced apart and distinct valve seats 
and at least two distinct valve closed positions with seal- 
ing at each closed position. The valve seat member 18, as 
shown, is in the form of a metal valve seal ring formed as 
an annular ring having first and second longitudinally 
spaced annular fingers 51, 53 extending radially inwardly 
from the outer periphery 55 to provide first and second 
sealing surfaces 56, 57 respectively to selectively seat and 
seal against the seating surface 16. Additional fingers and 
sealing surfaces may be provided if desired. The first an- 
nular finger 51 may be used on its own to provide sealing 
engagement with the valve seating surface 16 for rela- 



tively low pressure applications (Fig. 3). The first and sec- 
ond annular fingers, 51, 53 respectively, or at least the 
second annular finger 53 may be used to provide sealing 
engagement with the seating surface 16 for relatively high 
pressure applications (Fig. 4). The fingers 51, 53 surround 
and are spaced apart along the longitudinal axis of the 
portion of the flow passage 4 at the valve seat member 
18. The annular groove 60 is positioned between the fin- 
gers 51, 53 with an open inner side 61 opening into the 
flow passage 4. 

[0020] p r j or to manufacture (Fig. 2), the first and second annular 
fingers 51, 53 each have a free end portion 65, 66, re- 
spectively, that is formed and shaped in a manner that 
they may be coined by application of force thereto by the 
seating surface 16 or other suitable coining or forming 
device. It is preferred that the coining of the end portions 
65, 66 of the first and second annular fingers 51, 53 be 
by forced engagement with the seating surface 16 of the 
valve member 14 to be used within the respective valve 1. 
In a preferred embodiment, the end portions 65, 66 of the 
first and second annular fingers 51, 53 are arcuate, 
rounded or otherwise suitably shaped to provide material 
to coin. The end portions 65, 66 are coined on the down- 



stream side to match the contour of the seating surface 
16. As seen in Fig. 2, the end of the annular finger 51 has 
a half round shape in cross section. The shape of the end 
portion 65 is selected to help prevent a burr or the like 
from forming at the upstream corner 68 (Fig. 3) of the 
finger 51 during coining. The valve seat member 18 is 
carried by the valve body 3 and in particular the valve 
portion 23 as by being pressed fit therein or slip fit 
therein. Preferably the mounting of the valve seat member 
18 in the valve body 3 is such as to be replaceable for re- 
pair. The valve seat member 18 can also be held in place 
and sealed to the valve portions 23, 25 via an axially di- 
rected force applied by the male threaded portion 31 to 
the valve seat member 18 as at 69 securing it in place be- 
tween valve portion 23, 25. Contact between the free end 
71 of the portion 28 also seals the threaded engaging 
portions of the portions 28, 29 and the valve seat member 
18 to the housing portion 23. 
[0021] The material from which the valve seat member 18 is 

formed, has a yield strength such that under the desired 
forming (coining) force, the free ends 65, 66 of the fingers 
51 and 53 may be deformed or coined, to match the con- 
tour of the valve seating surface 16 to produce made to fit 



mating surfaces. Sealing engagement for one mode of low 
pressure check valve operation is shown in Fig. 3. Sealing 
engagement for one mode of high pressure operation as a 
check valve is shown in Fig. 4. Fig. 2 shows the valve seat 
member 18 as manufactured and prior to coining of the 
end portions 65, 66 of the annular fingers 51, 53. Force 
adequate to coin the fingers 51, 53 is applied during the 
manufacturing process and preferably with the valve seat 
member 18 in place in the valve body 3. The valve seating 
surface 16 engages the ends 65, 66 of the metal fingers 
51, 53 with adequate force and for an adequate time to 
coin the fingers to form seal surfaces 56, 57 matched or 
mated to the surface 16. In coining of the downstream 
annular finger 51 the annular finger is also permanently 
deformed, i.e., bent beyond its elastic limit to incline to an 
upstream position toward the finger 53 as best seen in 
Fig. 5. However, there is still enough spring back after the 
formation of the incline to insure good sealing contact 
between the coined surface 56 and the seating surface 16. 
Also, in a low pressure seating position as seen in Fig. 3, 
upstream fluid pressure will apply a force inside the 
groove 60 to help ensure good sealing engagement be- 
tween the surfaces 16 and 56. Thus, the downstream an- 



nular finger 51 is both flexible, i.e., resiliently deformable, 
but has been permanently deformed both at the end and 
along its length or radial dimension. If desired, the finger 
51 may be machined to the inclined orientation. The in- 
cline distance, D, of the finger 51 is preferably at least 
about 0.010 inches at the free end and preferably at least 
about 0.015 inches at the free end from a transverse 
plane P. The angle A, Fig 6, from a transverse plane P is at 
least about 5 degrees and preferably at least about 10 de- 
grees. 

[0022] Self-closing can be accomplished by pressure on the nor- 
mally downstream side of the valve element 14 and/or 
from the biasing force applied by the use of a spring or 
the like as the biasing element 21. In a preferred embodi- 
ment of the present invention, the valve 1 may be assem- 
bled either partially or completely and the surface 16 
forced into engagement with the annular fingers 51, 53. 
The force is adequate to effect coining of the end portions 
65, 66 on the ends of the fingers 51 and 53. In this for- 
mation step, the finger 51 is also bent somewhat towards 
the upstream side or the inlet end of the valve 1 with 
some permanent deformation resulting, i.e., permanently 
bent to the inclined condition. The force on the valve 



member 14 is then relieved and the valve is ready for use. 
The force may be applied by applying fluid pressure to the 
downstream side or the outlet end 8 of the valve 1. The 
force may also be applied through a mechanical device, 
for example, a rod, inserted through the outlet end to ap- 
ply the deforming force to the valve member 14 and 
hence the annular fingers 51, 53. The valve seat member 
18 may also have the fingers 51, 53 coined without as- 
sembling the valve completely. The force may be applied 
to the valve member 14 and to the valve seat member 18 
in a holding jig, for example, in a hydraulic press. After 
coining of the finger, 51, 53 and bending of the finger 51, 
the valve 1 may be assembled. The material comprising 
the valve seal ring is chosen for its yield strength, i.e., the 
force required to deform or coin the ends of the annular 
fingers as well as its ability to resiliently deform when 
moving the finger 51 from its low pressure seating posi- 
tion to its high pressure seating position with the finger 
51 having mechanical properties sufficient to allow it to 
return to its low pressure seating position without further 
permanent deformation, i.e., exceeding its elastic limit. A 
material for making the valve seat member 18 is prefer- 
ably a metal and it has been found that Inconel® 625 has 



been particularly effective. It is preferred that the yield 
strength of the valve member 14 in the area of the surface 
16 have a higher yield strength than the yield strength of 
the valve seat member 18 so that it does not coin or oth- 
erwise deform during the formation of the coined ends 
56, 57 and preferably thereafter. A preferred material for 
the valve member 14 is tungsten carbide with 10% nickel. 
[0023] The valve 1 is operable in various modes of operation as 
either a check valve or a relief valve. In check valve opera- 
tion, there will be downstream back pressure urging the 
valve member 14 towards its closed position. The valve 
may be used as a check valve by the surface 16 engaging 
only the finger 51 or by engaging both the fingers 51 and 
53. Whether one or both fingers is engaged will be deter- 
mined by the back pressure, the force supplied by the 
spring functioning as a biasing element 21, if used, and 
the force required to deflect the finger 51 to a position to 
allow the surface 16 to engage the surface 57. Addition- 
ally, a spring biasing element 21 may be operable to have 
force applied thereby to the valve member 14 adjustable. 
In relatively low or relatively high pressure operation, the 
surface 16 may seat against either or both of the surfaces 
56, 57. For example, in low or high pressure operation the 



surface 16 may be in engagement only with the surface 56 
and, in high pressure operation the surface 16 may be in 
connect with both the surfaces 56, 57. In the opening of 
the valve, when used as a check valve the pressure at the 
inlet 7 must overcome the force applied by a spring bias- 
ing element 21 and the back pressure in the outlet 8. If 
only the surface 56 is used for sealing with the surface 16, 
the valve member 14 moves to an open position upon the 
application of an overcoming force applied by the fluid 
pressure in the inlet 7. If both the surfaces 56, 57 are en- 
gaged with the surface 16 a first initial but lower force will 
move the valve member to a partially open position 
whereby there is sealing still provided by engagement of 
the surfaces 16, 56. An increase in force will then move 
the valve member 14 to a fully open position as see in Fig. 
5. The additional force is required because of the addi- 
tional force provided by the increase in force applied by 
the spring 21 as it is compressed during movement of the 
valve member 14. When the valve 1 is used as a relief 
valve, normally, there is no fluid back pressure except for 
that provided by the atmosphere will not change the ap- 
plied force as the valve member 14 is moved to a down- 
stream position or toward an opening direction. Again, 



spring biasing element 21 and the construction of the fin- 
ger 51 are such that sealing may be accomplished engag- 
ing the surface 16 only with the surface 56 or by engaging 
the surface 16 with both surfaces 56, 57. In the event 
sealing engagement is only effected between surfaces 16, 
56 a single opening pressure is used to move the valve 
member 14 from its closed position to an open position. If 
sealing is accomplished by use of both surfaces 56, 57 
against the surface 16 an initial pressure will move the 
valve member 14 toward its downstream and open posi- 
tion but an increase in force will be required to overcome 
the increased compressive force in the spring biasing ele- 
ment 21. Thus, an increase opening force from original 
starting of the opening movement will be needed to effect 
opening of the valve. Thus, a wide variety of operating 
conditions can be accommodated in a single valve by the 
proper selection of the valve seat member 18 and in par- 
ticular the finger 51 in combination with biasing element 
21 when it is a spring or the like. When the valve is used 
as relief valve, it is sometimes preferable to replace a coil 
spring biasing element 21 with one or more Belleville 
washers, either individually or a plurality of Belleville 
washers. When the valve is used as a check valve and the 



valve member 14 may engage either the finger 51 or both 
fingers 51, 53 a lower opening pressure would be re- 
quired to break the sealing engagement between the sur- 
faces 53, 16 and a relatively high pressure would be re- 
quired to break the sealing engagement between the sur- 
face 16 and the surfaces 56, 57. When the valve is used as 
a relief valve, and it is set up for having the sealing sur- 
face 16 engage only with the sealing surface 56, as with 
the check valve, only a single operating pressure is re- 
quired to move the valve 14 from its closed position to an 
open position. When the valve 1 is set up to be used as a 
relief valve with both surfaces 56, 57 in engagement with 
the surface 16, a relatively high pressure is required to 
move the valve member 14 firstly from its sealing en- 
gagement with the surface 57 and at higher pressure than 
that to move the surface 16 out of sealing engagement 
with the surface 56. The use of a spring biasing element 
21 in the valve 1 when the valve is used as a relief valve, 
the spring provides the principal closing force during op- 
eration to keep the valve 1 in its closed condition. When 
the valve 1 is used as a check valve, particularly for high 
pressure applications, the principal force to keep the valve 
in its closed condition is applied by the back pressure of 



the fluid as opposed a spring biasing element 21. If the 
force applied by a spring biasing element 21 is substan- 
tially less than the force applied by the back pressure of 
the fluid in the outlet 8, it can be practically considered 
that only a single force is required to open the valve 
member 14. 

[0024] During operation of the valve 1, the valve member 14 
moves in response to a force differential in a direction 
from the high force side to the low force side. Force in the 
axial direction can be applied by fluid pressure, a resilient 
biasing element 21 and force from deformation of the fin- 
ger 51. It is the net force that will make the valve member 
14 move. The valve may be constructed such that when 
unpressurized, the closing and opening force (they are 
equal) is relatively low when the valve member 14 is 
seated only on finger 51, and with the same parts, the 
opening and closing forces are relatively high when the 
valve member 14 is seated against both fingers 51, 53. 
When the valve 1 is pressurized and the valve member 14 
is sealing engagement with the finger 51 and not the fin- 
ger 53 the opening force is within a first pressure range 
and, with the same parts, when the valve member is 
sealed against the fingers 51, 53, the opening force may 



be in a second force range that includes part of the first 
range. A portion of the second range is higher than the 
first range. 

[0025] it w i|| be appreciated that the above description relates to 
the preferred embodiments byway of example only. Many 
variations on the apparatus for delivering the invention 
will be obvious to those knowledgeable in the field, and 
such obvious variations are within the scope of the inven- 
tion as described and claimed, whether or not expressly 
described. 



